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B. .. ANGLE (29) 

(57) Abstract: A positive electrode active material for a lithium seeondarv cell having a high energy density and excellent in eharg- 
ing/'discharging cycle performance, and a lithium secondary cell having a high energy density and excellent in charging/discharging 
cycle performemce are disclosed. A positive electrode active material for a lithium secondary cell is characterized in that the compo- 
sition of the active m.aterial is LixivmaNibCOcOz (where a, b, and c are values of a point (a, b, c) on a side of or inside a quadrilateral 
ABCD having vertexes A(0.5, 0.5, 0), B(0.55, 0.45, 0), C(0.55, 0.15, 0.30), and D(0.15, 0.15, 0.7)) on a tematy state diagram shovv'- 
ing the relationship among a, b, and c, and satisfy the expressions 0.95<x/(a+b+c)<V35) and in that the active material contains a 
composite oxide having an Gi -NaFeO? structure. The lithiumi secondary cell comprises this active material. 
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^(D ^ ^ fj: a - -N i (OH) 2®^^«5tt:# < #tP'fb-a-i^^ttj|&f2^f-^ ''^■cm 

^ ^ *i ;t -C, 2 1 " #55 (*^6*Jf-« 2 1 ± 1 . 5° ) L i 2 M n O 3 +S 

^Mir ± hfh^mtJfM-Ai, mmi^wi^ hn^ i. ^ \^^j:z>. i^-e, isra^fB 
^ it $ s - t -e ^ s fc J6 . * u „ 
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mmwi Q i^m^ V ^ ^ j^-'^mmmjEmmmm<^M^mmi^mmm ( s em) 

c{±.^(DM^*^i"H7EJbtBI2i-b}2:33V^Ts(a, b, c)dS;^A(0. 5. 0. 
5, 0) h M.B (0. 55, 0. 45, 0) k MC (0. 55, 0. 15, 0. 

30) i:;^D (O. 15, 0. 15, 0. 7) itrll^ti-^Eg^ff^ABCD© 
^Jb* ^H(^#:t?fe D.O. 95<x/'(a + b + c)<l. 

u=t: 43;v >— I . I 1/ ^ 

rr-e, _h|aa, hRXfc<Dm.i±. f4 >^ V^ 5 ^ tt <Z> ® #5 (D 

11^7^:31 vy Xj^m^J^lgj ^C$5V^T. 20 = 18. 6±0. 3° ©!Hl$(T/^5t* ( m ) 
KM-r^ 2e = 21±l. 5° (C 33 It 5 |ll$»f^!t^ (s) <Z>Jt (s/m) ;aSO. 

n A =t -r^ >- 1- -^,5 M 1 1, N 

HUlBJ:b (s/m) €r 0 . 0 4 * ^ t -5 fc i6 , _b^Sii bfc i 5 MMt-ffl 

l^^amr©HiriE#:^M - N i (oh) 2M^^H«5t«r^ t UX^t? ^> <z? V^5 
w ^ t? § 5 o 
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PCT/JP02/12171 



gpt,, ftrig^ol^MSX^t£:*3lt § @^iSJS<^il^T^^:#v^. tfr IB ^ it }4 ^> 

!if& ^ #: ia < {® i&i ;as 5 „ apt,, mm-^mit\-3:mmm^Rji:^(omn(DU 

& }4 PS ^ $ s t> 0? -e {4 ^£ v^ s # I- ^ * u v^M3g::^ J- o VN -c m T {j: ffi^^i- o 

^>C5-t?fcoTs tfrlBfttrP#:}4> j^^^^MtS* UTMn . N i tJ? ifi^ ^ 
iCife T!.-C C o _B.o. ^— Ni (OH) aMI^^^iig^^i-S'fk'^i^^lr^ 

^ T . V -rr-< ^fci 1. jx. ^ iVbr ^ij -t^ w-b ^ K \ -7- 5£5 HB mT =P "ifT ^ /Tfe TsJ 1 f O "H" '^i « 

oC. V ^ 7R^- J?S <— "XT 1 J- ^ t2S f*— ^ V ' \^ oju r/A 7 -a^ © p'j plj tj-j "vh- it- - 2 
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2Mn03©^fc^^iJ>i^£<-rSCli^S-e#5o C<OL i2Mn03{*4V#5ff(C*5 

^ (D (D ^ ^ 4 IS T CO ^ H! t ^£ S fc i5 ^ -A- f h #i ( IE ft ?g ii) © ) '1=' tc: -a 
"C fc o 

V zk^|g?4' < t % N i RrjM n %-^Ayf£m'l47]c^l^>gr?iiT U T ?t iiS ^ ^ 

i-§*s Hui^#:'^^A^5T:55 i 5 » ^ © ^ 65 . SJS«(^pH{*. 1 3 

■tr S 75 » iffl M l-c -t?: o r tl X S ^ "t: fc 5 o W Ji cd # # j; »9 , M n co ffi ^ 
2#}C'f^fctL. bfc^t^ifel ^fUj^ Ufc HUig#:{4 ^ - N i (OH) giStftat^ 

r^flfe bfc^t^t) UfcfuiSi^f^ - N i (OH) 2 M « at % # < A. <D 
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7lc^|^ t ^t^S JS * Ji^^i- S % <D # PS ^ ^ /± ;5S , 7k ic: *f -r S 

N i fti ^ 2^ t L. T . tR ^ -ft = y -T /V . M ^ — ^ r . mW.— V ^ ^'^ . -y 

{f 5 r i: -e # 5 o 

r^et^J (::*3VNX. SJS^^'t' t^:T i^-r :^>'Sr#^ $ -iirX^Js < ^ 

'I4^sj;<, u^a^^- 1 fj: ^ . ~^^^m^<om^ti^^^^^^^ ^ ^ ^*^x 

A;. 2.^ t . r-r- 1^ VlT*? r4-.^*^5''»^-r- X W-'wJ-=»^ ^ VZft? LAV! ^fe -rf^ "Kit 

^ -5 r> '^cC C t) N ZX. /'-'L^- i\X " — v ^! ^ ^ 'c- R^- i.->^ /'Li^ T!^ If*— n-f- 13- ^ ^oJ ivx 

n, Ni, C o t VNo/cj!li^lC*5i5i-5^M-^^>'*i-^l-XaifiJt Ufc^fl^T 
TK^SrS;*:?^^!^ f-iSAi-S - i ^^^ff b ttSo JtfJi. t>'^ = !J7A^:^ 

/tt t^TT -a^ /fa nVi -n? 

BW "T". JJXj y 'tO jHX*. ["-"J /V"^ Uf^/ -Jiy O 
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PCT/JP02/12171 



H) zmm^mi^^m-r ^^t^m^^t vx^nmmi^t . l i ^h^mt . ik^m 
(rjs isx c o it^m^^ ife s mm^ t ^m-^L.xmmm'T i> c t ic j; o x# 

* s St) 5^ . T IE ■^■i ^ T S C o Ik -S- ^ Ji tcl M n S. tJ« N i <7> >fki #J 4- ® 
^ t J: o Xit^ UT t> i: IP*J. C o 'fb-g-^icDM^Sff' {-M n J: 

PI^ $ tLJ"^ , * b < m.ih=iy</i' h ( I I )s 7KM'fb^'fb =f h ( i i 

I KHm-fb — 3/^^^ h (III) — h (I I )s TK^^b ^-^/V K ( I I ) 

^m^^^^t-A^Xt?)o ^(DB^it Li :(Mn+Ni+Co) figfi^t ir^m^ 
i^JlK- ir-XBlT^^^VSi^i^S tJ^iS^S^L iMnOgfcL i CoOat'^S+ai-Mi-S 

^ ^JU ay ^ it 5 f:i L i -fb-a-^^^-^iiili* i"^ i: Si V^o ^^SmcD^-a-M-ft 
#)<55m^J:kLi / (Mn + Ni+Co) . ^*tUXl. 3 5*?i. 
U<{±1. 2&.r. St>$?*U<{:ii. loe^Ttb. 0. 9 5 mm t ti: ?> ^ 
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mmPf t L i >fb-a-i^ i: ojs-a-^^ s^f^^ata^ {4. 9 0 0 °cpi_h 1 0 5 0 "cjj^t 

;&S^*U<.<};?)^*U<f* 950t:~l 025 'C-efcSoB^amS^S 9 0 0 'C 
i-5i:V^5pBlffiSr^U--^TV^o — m^Mm^^ 1 0 5 0 ^ Mt^ V X ^ }^ 

A 1 0 5 0 °C ^ M ;t -5 t . 5^ h% t# at 6^ t> St) IB 6 a 1^ h t 6 b IT ^" h Tfl ■^-.m 

®;tSt. I^^a^fl-L i u-^i- v^^^e) i e^j h-t ^•m.'0.<Dm.^M\\:.mif''^ 

*R ^ A t isi -r *H ^ Et « ^ ^ 1^ ~r A ;^ ^ 15* W tJl l/^ T f± . fife b 

/r=p. v > ^> ^ inj I - q^e. ^-yc_ n' — tx^ -cw* lJUlu /..-X. ti- v^^r \ ^ — it-j'-^'it » — , , , , 
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-T? 5 o # tR^^ a; U -C }4 . 7° p t° V >- * - - h ^ ^ ^ V >• :^ - - 1^ ^ 
7^ ; ^ ;V ;^ — - h . i;' =r tJ — ^- — h . jV ^ )V)J — ifs^ 

i>,i-:^i^>% 1, 2 - i?^ h ^iX^^' ^^ 1, 4 - h =3r , 

^ ^. _ T^t-t _t--» 1 _ -J- -.-^ >^:u J--^ 1 s, 

r:_ f."^ Kra. 'tt-: >^ a:^ f/ i r ^ f » i / n i/ * 

LiC104. LiBF4. LiAsFe, LiP 
Fs. LiSCN, LiBr, Li I, Li2S04. LigBioClio. Na 
CIO4. Nal, NaSCN, NaBr, KCIO4, K S C N ^ <D V ^ ^ J>^ { 

i). ■:^^y^7A (Na) X{4:=&y!>^ (K) (z>im^^tfM^>r^^^m. LIC 

F3SO3, LiN (CF3SO2) 2, LiN (CgFgSOs) 2. LiN (CF 

3S02)(C4F9S02). LiC(CF3S02)3. LiC(C2F5S02)3. 

(CH3) 4NBF4, (CH3) 4NBr, (CaHs) 4NCIO4, (C2H5) 4 
NI, (C3H7) 4NBr, (n-C4H9) 4NCIO4, (n-C4H9) 4NI. 

(C2H5) 4N-maleate, (C2H5) 4N-benzoate, (CgH 
5)4N-phtalate.;^7^ry /u:^;u:^^^m V ^ ^ . :t -f- )V 7V Hr- 
^ y ^ ^ ^ 9=- ,v.-< ^. ;v * ^ y 9^ t> A ^ (7) >- ^ 6^ 
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fl. i e> <^1' ^^-tt-ft-a-^^^a. 5 VN{± 2 Jb^l-a- L-T,^ V^ 6 ^ t 

foSVNfi, LiPF6-^LiBF4i:, LiN (C2F5SO2) 2<^-t5>ie^-^ — 

wmmmm t o m K © ;i i u r {-i . ffi v^«?i,#'r4^^-r 5 y !> a 

^!f*U<{*s 0. 5mo 1/1—2. 5mol/ll?fo-5o 

X}*jE»bX5 0t;~2 5 0 °CU&<OM.m.X . 2 B# W ^^^IP i" 5 ^ t J: 

:^ tilt 5^ i y^e?A-r;d-i^^^ffWfe5VN{±@^J||-t-5ri(DT?#531^^ 

<D^(Dx-htL\-iEfh^m^\^xi,§i\>^om^u. v^^j^^^m. u ^ ^ iv 

^ tjr A 11 ^ ( y ^ i> A — 9^ >- ) ^ ^ 'f b * © # . I? * # *y- ( -^fJ X f£ 7 
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^ ^ A> - t b M * b o 

mT^-^ 05S}c^ V^ -5 r t (D-t?# 5 7 :7 7- ^ h 0501 ;^J^illilf^fc j; 

m^mmm d ^ 0 z) O- 333-0. SSOnm 

a <Dfe^^<^:'c§ $ L a 2 0 n m JJi_h 

c #:>^Fr) ©Jfe^-^©:^;: # $ L c 20nm ^Jb 

2. 00~2. 25g/cm3 

v.t >>i .» ^ 1 i>> -=rr ^t-, f/i r-S -4- I 1 X A- r_ ^ ^ k ^ 1 *T" 

1 fsjs- \iyn iiv-r y^* .f^. at^ >^ ' ui rc: i ytr^ » j =^ •rr i > u » _ r-^ « '^^ j ^ y -^l I (i* — yvj n 

^ ^Mi -ivr ini 'G= mj 'cw< ^ — /y • j ^ ^ ^ ^ ^ ^ ^ ^ ^ . ^ ^ ^ . . . 

^j^_7-^v5^^A-;;;x, y^e7A-;5fyij7A, tj? y K -g- ^ # <^ y ^ >^ 

^ ^ ^ § ^ ^ % ^ V ^ i i: t> S •& o ife £ ^ 'ry s- pjs: 
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MiBiEas.t)«Aatcf*. mm^wm}^^^(Dmi^. mnm. ^^m. m^M. 
$tL'^cv>;a5. iit-. dHJi^mis. i^^^-tftm^. ±i[^mi&#)s Aat«i&> 

S t jOs -c # S o 

r ti- 6 <^ 4^ s ^ m i b T . m ^ -fe 2# '14 s X '14 CO J: T "fe V 

5 0 S4%dS^* b < . 0 . 5 3 0 ^ bVN„ # 

{^T-fe^l^^^^yi5^irO. 1 — 0. 5 M mO®mfe^{c:S# b-Cffi V^ 5 t 

^ ^ » ^ iij 1^ -t? t s fc 46 M ^ b „ ^ tb 6 CD ?i ^a- ;6- ffi s mmmfsim^-^^v . 
^cDS?® t ^ 5{±:^-?i^-efoSo ^<Dfz^. Ym.u^^. smm^m. 

* ^ »^ — w-r:; CVS 1^ Jk? 'r:rr -r^ -fe. ^ 

lulB?fe*^Jtb-C{±.il^. 7jN"y7^h77/V:^n^f^l^>' (PTFE), vfs ]} y 

y -ft; tf = y 7* :/ (PVDF), Tifya^^vi^, jjf y a tr RrM'l41#lH> 

^^j^^^-^T^nt'l^i^-e^o^^-^? — TKy-v— (EPDM), ;^/^7^:>-'fLiEPDM, 
^5^U'>':/i5r-:?ai>'=fA (SBR). -7 <y M ^ J>'^<0 ^ J>^W^^^-f ^ ^) — ^ 

Xft:^ac0 5^S*l-^ UT 1 ~ 5 0 U < . #fc 2 ~ 3 0 

1 ^ ^ «ba -H- At- cm A- x-^ - u t:^ -ci: 1 I. \ 4-^ i|?ir fT^i ^ -hn /,^- TT tSte V 
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^m(DmM*KM\.X 0 . 5 — 1 0 U < . #{C 1 ~ 2 ag%^S|gi^ 

IE iH A > tu 12 Jg- #1 R , M M «]j ,^ r )^ ^ ^ N — ^ ^n;" o y V , V 
Jbtc^^U. ^j^-r § c t ic J; o If iif-f^M § tT^^» WIB^:^i^:^fe^^:ov^T 

. m^U^ T V -r— — n — ;vf^ E Q) u — "7 — =i—'r ^ ^ ^ :^ -ir V ^y ^ 
t U-r fi. #J5g ^ ;^lfc«?iilJ-*3 v^-c^^W*S.^^^ ^£ V^ m ^ lS ^» 1^^ T? 

:y\yy^m. ^^y^;v^ m^^m . mn^M^^. m^m^-^ =7 ^mo>m\^. mm^^. 

i-isr t^Sf .kU- -rzL r<v* txtj. at-fVs i\y kiX- r±=n L ✓tn H AAi -tts »t > — a J!c3 ^ET ^fe rST "fl ^— \/ ^ 

ps '[ M- ^ivx [jmj 1 r_> Mw-^ |HJ ! . |z} p.^J K. s / "« — * 'y \ y*!KJ ■=^^ Ltu ^ >v Al> > * — J/^ 

^m-ii^^x, A 1 - c d -a-ik^(^te(^> mm^. mm^. mm7cm<Dn 
&oXs m^(omm^ :^ — ^ y . c^y<5r/v> ^f-^sf v^ii^-e^abf^i^^^ v^5 r 

*«#:<^Jf^^bv^^:-^V^T^:i^ y ± 7i-'^<Dm. :7^/vA^, e/— h4Jt. 

^< ^ X f4 ^ ^ -'^ K ^ s ^ ;^ I* > ^llMi^. ^ IS #: H .ft ^ <^ ^ 

-ti. -^vv r . rrrr ^ ^r. ^ jCi>^ 4^ /rk m :X U to 1 i, \ 4B ^ 

/X. 4 o — p^P 'a: pfi Hjr n ss. '<l i^q. /iij y 'ssj ^ c= /j- ^^.j v - o w »^ s 'ij^ -iJi 
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-r^^t-i^h. (D^s^^ bVNo ^strife ufcm 

X }S ^ ^1 t ^ * 5 « 

}. ^icjxm ^ ^ ^ V f'^-^Um . ^° y 7 >' it =■ ]} f . y -y tf — 

tf = /vcc — 7^/^*a'^#:,y'y'fbt'r^yf*:^--7"h7:7 7V:e-a3i'^lx:/^^'a-#:. 
:7 vf n y 7^ - h y 7 7V ;f n ^ ^S-a-'f*: s :7 5/ >fb if = y >- - :7 ^ 

p 9=- V ^-^S-g-l*:, :7 5/'{l:ilf-::^y7''^^--^=^i^:7/V::d-nT-feh>'??S'S-#^> ^ 

y'fbif^yT^^-^'?^^^**'^-^:^ :7y^btf^y7'>'-:^i='t=°i^>'*a'^^^^ 
:7y'ftitf=:yT'>' - h V y n n \^ U . 7 y^fklf^y 7^:^-7" h 

7 :7 a 3^7=- - ^^-v X /V-^ a :7° n >'*fi'^#:s y -yih if V :^ - 

tfr^/v-tfpy Fv. 7}>°y'75''ftiif^y'7*^^<^^y'^"t®^Wt"^^^^^^ 

/j> X ^ /v^ 'i^- V • l_> cK, V r> 

i: /Jn y ' — V /i^ -ar w /Id /t3 * <^ % ^ w ^ n-^- jr^j _i- 9 ^ ^ - o --i- 

24 
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i±, ^ ii) ;umi^M^W^ VXtum^m^B (UV) ^ffiV^fc^3. S^,* (EB) 

fj:\,-^-m.^'^J^^^^%%MM %s2-a-bT^^-t-S-t:^5-e§6. ttrlB «^ 't* H S o t 

iy^J^. ^M-^ ixi? A if r^V -^-m {r^ V y yihn'- V 

> . :7 y ft ^ y X >- / =^ -!^ :7 /V p :7° CI w at S ^ s ^° y T y a — h 

tt. igmt^ / -^-ic^bra^s ofi*%eiT. ^f*b<}*2 oa»%g;Tx 
fi-^^2jj;_bojjfy^9^i^:/:J^"y=t--/i-v^ c^^') r^^yi^ — ^^ m^^2 u± 

(D ^) ':f n \f \^ if ^) ^ — V' (^i5^) T^yw— jKy:e-=3eS^^^l^>'/'3iK 
y;t-=3r?/:7'nfc°ix>'^fcS'a'^®':;? (pf^') r^'yv-— — /vi? 
^) TiS^yi/— ^ ^ \^ if ^) ^ — (^^) Ti^yi^-h#}. 
tfe (^^^) T^'yv— h {hy^'^^o — /^>^ny?;/hy (^^5^) Ti^yv— 
^y-fey:/hy (^rJ^) TiS^yi^— y -fe y v^^^^s^i/ K#^iPi^© 

h y (7*^5?) T y — h . y -fe y CD :7° « fc° u >- ^ =3r ix K # <D h y ( p« 
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TiJ'yw'-h^} ^s^ifbti^-So ^tbfetD^/-^^ — ^ t>L<{±. mmx.xm 

v^ r t -e # 6 o 

— /vm^ ^/h^s^-M. ^1^=l^'M^ 7«9=-W'>'-^p>'^> T=i = 

h ^ ^ } ^ IS fp ;^ /V >- M { ^ 9" >' ;^ >' ^ . T y /V T 5 F — 2 - 

i/^^} 3?. f4 b © (L i N a K:^. T :/ ^ ^ !> 

~C 1 8 (Dmiim-X\-i.mn^T )V^-)V^ T/l'=¥V':/(C2~C4)i5^y3-/V. 
i^Kyr/v^v^- (C2~C4) ^ ^) ;vm~Q^^^\z.3:.:^'T }V\\:,\^fz.\> (D 

1/ 4 ^ -ir / / 5, r N IN , J.N — >^ J- "T^ v ^ ^ -TT / 7 -i, r 'd. e / s V X ,' 

T ^ y /^m^^T^/i- [C 1 ~C 1 8 <dU^1^ (p< ^^^^ bVV. 3^"^ 

2 - J^^/v^=3r >>-/v^ j;^ •7=- T y ;v ^ ) r/v=t— /v-t T^J^y/v^ito 

Xf^T/V^W (C2~C4) i5^y=t — (aif=-V'>'^^y:3 — /V, 7° 
alfl^>'i/y=i — 1, 4 - :/ v':^ — /V^) S.U^^yT/V^V'V (C2~ 
C4) iJ^yn — 7>(7jfyai^V:>^i5fy=i — /V^7ify>^Pb:°V->'^y=i — /V) t 
iJ') T^^y7vmfc<^^^7^/^];(^^) Ti^y^vT^FXf^N-g^ T 

>r II >i, -5^ ^ r ( -i ti \ -f ir /i^ ^ KT — ^ 7i> ( -I Jyi \ -r 1] fV' T ? k' 'NT 

— ^^n — :5^)Ti{' y;VT5; F^];tf^^^^;^7"/vX»Ty/V'^;^'r-/^CI^ 
^ t'^/p. l^^T y /v^] : If ^/v^ — ■T^/i^Xft T y /v^ — •T'/v [:/9^/nf 

— 'Tjv^ Fx i^/^T y 7vcn — ; :^lSfn= h y yv^k-a-ti [(^ ) Ti^yn 

h y 7V . ^ v3 h >' r:: h y /V ^ ] ; ?F ^ f P r =1 — /V- [ ( ;^ ) T y /V T ,V =1 >- /V 
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— [ N - If ^ CI y K V . ^ /I- b° y i> >- # ] ; ^ :7 ^> m lift^:^ ^ 7X ^ [ ^ 
^i/^-, :/Pt°i-:^. :7'9^v>-. -Yy^'^v-^-. (C6~C50) a — 

— p{ /l^ ;^ .>- ^ ;^ ^ .< >- ^ ] ; Tf: f P 5 K [ 1/ 'f 5 K ^ ] : .'n P -B 
ftj 13 ^ ^ / — }C o X '^d i~ -5 i: . ^} "l^ "J )V a:. — f fv'^ { tf 17 

y — /u- A y cn. — T- /i^ s ;^ :7 3^ y — /V F v= y /V ^ — •r- -'V s ^ 

'fb If ^ :7 31 / — 71- A e;^ i?* y 71- ^ — 7" 7V , :7 / — / xjf 9 ^ y 7v ^ 

— T^/V.iS' I^y — 71^7 y ^ y ^/i^7Vcc — ■7^7V^}, y i^^^^/vm;;!; 

iif-ih t K d :7 /V-M^' y ^X v*7Vcc;;!> 9=-7V. ^^1^ y ixi? /vm;;^ ^/k^ }, 

y 'yi^jvr 5 { h y y e^/v^ v i^t % h . 7" h 7 t?' y i>7i^;;?T 5: 

31 ^ -fk S # } , a :3i ^ df- -y- ^ F H { 3 , 4^:^^^^ — 6^=^/U-yi^U 

;^ :fy ^ h ^ 3 , 4 ^° ^ t2 ^ xy 7V y 9^ /V 71- 

a^'^Uiyy'hySi^y, 3, 9 - (3-T$y:yPt;°7k) - 2, 4, 8, 10-7^ 
hP^^rih^t'ci [5, 5] ^ y-f:^ ^^m^ V T ^ i;^ ^ ^i^^^' 

i^T ^ iy.i>T ^ y -7 31 ^7vy >m}syt° y r = KiSI ^r-f -v — y t ^ F^}. 
MMTK^m {#7ic7 ^'/i-^. 7" h 7 t Kn ^ ^7i-#7jc7 ^5^71-^, v-^dr-y-t FpM 
7}c:7i?7v^, M7jc h y ^ y 5/ MtKt^ f^7i--:hi^y ^m}. :7 ^i y — 7vm { ::7 m 

y— /^/7j?9yi^^}, :^ V ;^ ^i':^ ^ ^ > {7Ky1^7^:7T>rF^}. ^HT^;/^ 
{Ny;^ (i^y9^7VT3;yy'f-7i') ^cny — 2— ■3^^7i-— 4-y=5^/v^^i5?^ 
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S o 

yi/T-^-— 2, 2, 4 (2, 2, 4) -hlJ^^/V-^=¥-9-^^W^^v^'l'y 

i/Ti-— p-:7rnnV':/i^^y^'T•:^— 4, 4' --i^ix^o^^-^/v^ 

tJ^iyv^-^yiXT-^— ^^ 3, 3' -i>;>«g^/Vv?73i::^/l-4, 4' -v'-l'yi>'T-f 
— i>'T = ->^^>-^^'l'yi^T-t-— m-^->'W>'t>-Yyi/T-:h— hP;^ 

^^/v^ixv^i^'i'yixT-^— ^^ '1'y:7;i-P>'-;>-ryixT•:^— h> i, s--^^ 

V ly i> 4 y l^T -r — h . t r a n s — 1 , A — iy X2 ^ ;V y( y i/ T 

'Ja^^U-^iT ]} =i ^ /U , ^ U > V ra — /V^}, 3 tlB'fb-Q-^ { 3 

y 1/ >■ T 3: , i> :7 ^ /V v T 5: 7^ h 7 7^ ^ n — 7V- n ^ ^ -9- ^ 
p« 9^/V^Vv=i K^}> 5 '^•m^t-^m {2. 2. 6, 6-7^h9^;^ (fcKn^r^X 
7« 9^71^) S^iJ' n y — u:^ h V T ^ l^^^J: if }^ 6 '^^'ii^^'^ { y 

2g.t;t7}f y ^ — •T'/V/f? y — /vIM {tflB^K y — /vXfiJ^K y T 5 © ^ n t° V>':t 
F:S.T^/X{4^f^^>'^^"^f--< K#i)P#)}> 5jN°y^;^'7=-/v:?Ky:^ — /i^LttilB 
Tjf y — /V t {Tv?fcr^^m^ o, m, p-:7^'/^m^ =«/Ni5^m. 

V IKfo -f7 ^> JE& II -T/ / . — I > (Tl ^ rtf 11 -#7 -7" a -=7 -^7 K V Ttf IJ — 

yj^- 5 c: s •'B 'n' s r y -^^ -'^ '^-^ ^ ^ ^ *a >, / ^ ^ \_ ^ ^ y 
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T ^ vis { If y -i^^'s N~ ^ ^^/k^/v-* y ^'^}. v'T 5 >-m { n, n, n n' 

-Th^^^^/i^^'^i^^^i^T^:^. N , N , N', N' -y'hy^^^i-l, 3-:/ 
i?' >- v'T 5; i/^}. hyT5;^-iI{N, N, N', N' - ^ :^ ^ ^ jVj ^ ^ U 
hyT5:V^}, ^^lei^^^^l®{N, N, N' N' -y' h ^ (3-i^;^'^/VT^/ 

A B C O ) . N , N ' - 7^ ^ /V t:° ^ 7 :/ ^ 1 , 2 - ^ 9^ 71^- 5 — 7V' , 1 , 

S-i?T'^\iiy^ri (5, 4, 0) ^.-y ^± — 7 (DBU) m) ^^ :S.T^^tt 

:^ ^ 'Pf. o y — ^ w m . m HI ® Sr , '^y X (1 ^ v f- 17 —ikmm.M-^ 

*t-t?i4-Jti-5 i J: oT&aicf^M^ ttSo lE^ t A@ y ^ - 

^tr:n^b-C^Jl$tbfc^«S^Sr^!Hlbr^^5yf"li'A-?fem 

^?sfetu-c{*. ^mx-mmir^^ ti^-^m-r^h^-A^. n^^m:i7m'^Ms.-^m 

,T J_ » ' ^=t=i. .\,L- ^ /»l /-4- ^ -4-4- 1. 1 -r- 1^ — . A*. ,1 . ^ ^v. 1 ^CE 

II — r/ /v v/i'" 1^1=; >ni r/ i ^vv^ hjci lyiv i/ j •^vii* i > i . . . -v j i ^ /l. ^uyv \ y 

_^ y Iv'S. Rej lUil ^-^ ^1 -43J<i l-p- "^T-JTI'^'-'^''-"-* ^ ^ ■ ^ ^ , 

Tj\^%^f-i>^. ^mmm^^y f^^m-ii^-nhx.xm^'f 

b < (*@4J.o^'([Ej'£T/1' ^ ^ !J7 Afg;5S)5g:^ L. m ?tfe ^ fl5 #J © # ^§ 

A. rSir 1 3* i*= ^ 4n -fe- -ISF Hfe -7 rt^ A- ^ -Ml #K -fRII r7~l iAT Hfe -7 ^ /V A >* 1 , T" {± . :d\ U 

^ k — « s/i^ O/iU ^ 4-3fe. .-P?- f-:^ ^ 1 ^ lO- Hit. IT- uB A- ^ "jf. rT\ -r^ /.-r "3^?^ 

i," V~ V ^ ^ iBi W W ^— '-^ ' * VJ. ^ KJX /m O >3 v. <f J> 'd^ N ^ 'las N laa 
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<mmm> 

(mm mi) 

^j«]i.:i^A^mvN-Cl 2 0 0 r pm-T?»#b. fc — ^ — {clifJS.ES^fF^^l^mjt^S 
0 "C -t^ o fc o ^ fc T7V=f ^^1^ $-»tEa b . 

3 3mol/L. =■ -y^ /l-^&i)^ 0 . 5 6 3mol/L. =i ^< /U h MM^^ 0 . 5 

a *J ^ I y I — y ■ >^ "v^^ n=i- -ns. i i i i i i i i m « ✓ i . /j <d ' j v\ . •urn. H«r 

r_l O ill U 1 / N «— I - .^^ V laSt fV- V-f . VJ^ ^ w _^ w ^ ^ ^ v_ v.^ ^ - — , r^- 

■^^^sf^- (Mnso4) 7Kmm. mm=^^y ^71^ (ni SO4) Ti^mm. mm=^y</^ 

h (C0SO4) pd<^?^25:TJ^tK7^^>' (NH2NH2) ^^^^U"^ U r 

tfflBS^&^f l*3{C^S^6<JlcMT UfCo Cltb i: UT. 1 6 m o 1 / L © T ■=& 
TTk^O. 2 m 1 /m i n (DgfD*-eSfrlB^)SWl^{-?^T UfCo * fc. MIB^JSW 

I^^^OD P H^s 1 1 . 6 (±0. 0 5) — 5 J: 5 . 3 2 %7jc^'fl^ h y 

> v>7« i^LL <^ AAi -ftTu -A 1 ^ -dz vZft? ~ Q Pi T >- -'^ f.r *^ -Mr > fr ^ > 

* /jv. '2ir r^'\ Ti*ri^ P-U jjc ys. \^ o «=*^ % I'^w ti-'^ ■m:^-. /j-^ » v j— ^ « — t'— ,s=i w - ctn 

5, :7 n — tr^o -C;^ 7 y — Sr^^t-# ta Jl M T PB M b 6 

m bfc>^ ^ y — «r7K^, 1 0 0 — Sfe^# ^ Ni-Mn-Co* 
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i3— Ni (OH) 2Mr^fH«3tSr± t UT-^ A/-ev^§ ^ t ^st):&^o fco 

#fctvfcN i - Mn-c o ^itmmw t jkmit v ^ ^ j>^-7km.^^ t^m^)^ 

TrLi / (Ni+Mn + Co) =1. -^-^iz-m^ \^f^o 

Ot:/hrt?1000'C*-^#?i.=^. lOOO'CfCXlShr'^itb. ^fcV^-el 
0 0^/hr-e6 0 0t:*-e?^*Pb. Li-Mn-Ni-Co^ 

-a-^'ft:^ ^ #fc o ^ y 0 H! JfftPJj ^ <^ fe:^ . # 6> tt fc L i - M n - N i - C o 

fCo I C PmSfe^^O^:S:s L i 1. iMno. aeNi o. 32C00. zzO ^U^'^ 

mw^fco mmwmm k^ ^ ^ ^ T 'ycmwm u 0 . 5 m ^ /' g o ft o * 7c . 
7k^m.m.^m.w.m. (sem) j; o xmffB^-a-m-fii^c^^i^^i^^ ufcj^m. }5 

— ^^jJ^^O-e&^cD 1 0 0 ;^^^#:ffi{Ja b-C — i: ^ 5, 2. 6^ 

m i 7^ o o 

2 ) 

. X . ^ ;\BS t:tc: r\ r\ t rr- _ l / T f-t~ >1 . F«= /I O O irvx *-\ 1 / T 

>V fj^ U . i:? J. Q m O 1 / ^ — - V A'" U * 4i: ^ ^ m O 1 / -L' % 

n/-?/Vf>^ftft;6S 0. 422mol/'L, t:K7i^.>'^^;5So. OlOlmol/' 

L t 5 J; 5 Sism-^ (Mn SO4) i^^m. m'^=^ v (N i SO4) 

i^mm. sisma-'-^/^ h (c o s 04) i^mmi^t^^ k^^?:/ (NH2NH2) 

i - C o *?*itfr^#:^f^t^ bfco ^ 5^ ;^^|Hl^»J^<D5fe*. ^Mn-Ni-C 
o *tJbHuS2#:{4. 3— Ni (OH) 2M^^«3t?r^ t UX-&^-T?V^ 5 t 

#6>tLfcMn-N i - c o ^^mmW h7^mi\:.)} ^ P J-^-y^^^i^t ^m.^it 

■t?Li / (Ni+Mn + Co) =1. Z h fi: ^ 0 (JlfPS L-s ^Jt^J 1 |W1#}C 

LTLi-Mn-Ni-Co IS ^ ^ h «i) Sr # fc <> ^ y if' X ^ m Jif iO © > # 

tb fc L i - M n - N i - C o^^^ihm\i.. It R 3 - m ^§ M $ S L i 
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M02=lt3t(-*P^X. L i 2Mn03*SJ^*5Ki"S^^^^S mt^Bt)^ 2 1 ° icU 

ib^tlfzi. 2 0 = 18. 6° (omiifBKM-t ^ 2 1 ° (Dmi^B<Dmi&it^^m u 

t^t^^s 0 . 0 2 t TtC o fc„ I C P |l^:$>^ff (Z)^:^. Li1.3Mno.52Ni 
0. 2 4 C o 0. 24 O ala^^S^^bfCo B E Titmmmi^ O . e m^ / g t JXofc, 

X^^i^U^^^i^f^ t :i ^ . 1. 5 ju m i: J^^C o o 

3 ) 

:ff > mMfj^ G . 9 1 5 m o 1 / L . y -r M ft ^5 0 . 7 5 6 m o 1 / L . 
=«/^/^hlift^So. OSSmol/L. fcK^-^^jSfidSO. OlOlmol/ 
LtJtcSj;5{^s ^5lt^-^^:^f>^ (Mn SO4) tK^^x iim^y'J^>'^ (N i SO4) 

ykmW. mm=^^^-f^ h ( C o S O 4) tK^I^R-O* t v'^^ (N H 2 NH 2 ) 

i - c o ^itmmi^^i^Mi^f^o >y ^ :z.mm^miM(Dm^. ^Mn-Ni-c 

o *efc|&ill#:{^> ^— Ni (OH) 2M5lt^«3t=lr± t UX-^^■x?V^ 5 r 
-CLi / (Ni+Mn + Co) =1. ifc/.e5J;5 {^ffib. ^it^!l 1 i: mm\z. 

LTL i -Mn -N i -C o^^m^fbi^Sr^fCo ^ ^ HI ff ^91 ^ <^ * . # 

fetbfcL i-Mn-Ni-Co « -g-m-fk Srfl^R3-m}c:;!SM^tt5a- 
Na F e 02*jt{J:^JP;tX> L i ^ O ^^^^ ^ ^'t ^ h ^ ^ ^ U^Uifi 2. 
2° tc:B4e)?>;rbfco 2 0 = 18. 6° (Dm-^^^K^-lr ^ 2 2 ° IlI$ffJ^(^^*J;b 

^ ^ j±J U fc t ;5 ^ O . 0 3 t ^£ o fd „ I C P m ^ W © l§ * s L. i 1 . 1 M n 0 . 
52Nio. 43C00. 06 O 2m^^fiiB bfco BETj;h^®fA«0. Bm^/g^ 
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(mmm 4 ) 

^>';!f>'?ftS^5o. 7 9 2mo — vi^^l^lSftiasO. 3 5 2mo l/L^ 

=ty^7Vhj»S^S0. 6 1 6mo t ^ M M 0 . 0 1 0 Imo 1/' 

Lt^^5J;5^^:^ (MnS04) Tk^?^^ ^M=- -y ^ (N i SO4) 

Tk^^Ss am 3/^/1- h ( C o S O 4 ) 7X^1^ t K 9 i?^' (N H 2 NH 2 ) tK ^ 

IK ^ m-a^ b T # 5N-I^ ^ >^ VN r 2: ^ V^ r fli 1 iW! il I- T M n - N 

i - C o *tfcMi2#:^f^Si l-f-o ^ y ^ ;=^/^!ll4ff^l!l^® #6>nfciMn-N 

i - c o *a:HuiE#:f* . ^— Ni (OH) 2Mrf§^«at^± i bx^^-ev^ s r 

t 7)^ f)^ ^ o 

-eLi / (Ni+Mn + co) =1. 2 5 J; 5 mmmi tmmi^ 

b-CLi-Mn-Ni-Co « -a^m^fk^l tr # fc „ y ^ :^ m^lfiWlM (D'^ ^ . # 
6>ttfcL i - Mn~N i - Co m-^mitmi-i. mmmK 3-m}^j§S$n5 a - 
N a F e O 2=^3t;as^fe:^tii ^ ttfco I C P M^ij-^ff <^5fe*. Lii.2Mno.4 
5 N i 0. 2 C o 0. 3 6 O 2m^=lr5imbfc<. B E Ti:b^M^f* 0 . 5 m 2 / g 

{*iSFJ 5 ) 

-^i^^^-^SP^SO. 6 1 6mo l/Ls — yJ^/I^^iSf^iSO. 3 5 2mo l/L. 

792mol/L. fcF7i^:/^iA*^0. OlOlmol/ 

L Jte '5 ± 5 . 5ft M ^-^ i-- ( M n S O 4 ) 7k J# s M — 5^ ^ ( N i S O 4 ) 
7k^^, a^='/^>'^ h (C o S O 4) 7kBW.Rl^^ F7i^> (NH2NH2) 

i - C o *?tBui^#:^f^M UfCo 5, >^0illJ;f^B)^<^3it*> #e>tLfcMn-N 
i - C o *itHUiii#:{±. i3— Ni (OH) 2 M Is re # it % ^ i: L X v^ 5 r 
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i: o fc. 

X^-L i y (Ni+Mn + Co) =1. 2 b fj: ?> X ^ izn^V . MMm 1 t mUi^ 

hx -L i - Mn -}<! i - c om.-^M^\^m^mf^o ^ iy i^ :^Bmiffmm<Dm # 

N a F e O ^flf^o I C P ^ ^ ^ <^ Sfe M . Lii.iMno.a 

M _ , n <^ _ . . r> . :^mm. ] . fr . R R T ^ r5i f± O . 4 m ^ / g fe 

x-dzm^^Bj^vx^^^m^t^um^nfto -^^i^<d^M(d i o o^>ir^^ 

i&U V X mm ^ m K> t :i '5 . 1. 4Mmi r^ofco 

(^ife^sj 6 ) 

:y ^^mMif^ 0 . 2 9 Omo l/'L.^5'<5^/l'ltft^SO. 2 9 Omo l/L. 
=1 hM^^^ 1 ■ 179mol/L. tK7e^>Mit;^So. OlOlmol/ 

Lt^e^i: 5 521. :eit^-^:/:^f^^ (Mn SO4) 7jc^M. mM~-y (n i SO4) 

7]c^^. fiiit^^i /-^/v h (c O S O4) 7K^?^25.U^t KTi^^' (NH2NH2) 7jc^ 

'ST ^£5 'n' 1=^ /^^ /t^- ^ /H * />- C ^d: V » ^ /mi r/y JL f_ mj 'j?fc If*— O IVX XI IN 

i - C o *ittftii#:^f^M 5/ ;^/^[Hl$ff?l!i^® 5^*^ ^Mn-Ni-C 

o *«t:Sfri^#:tt> ^— Ni (OH) sM^fe^^it?!:^ t UT-^ Ay-eV^ 5 t 

XL i X (Ni+Mn + Co) =1. 0 k f£ ^ i: ^ MM^i 1 t mmi^ 

LTLi-Mn-Ni-co m^^mitm^nf^o ^ :^mmmmM(D^M=. # 

ht'uf'-L i - M n - N i - C o ■m-tm^.t^ii. ^f^lS^ R 3 - m i.C m M $ 5 a - 
NaFe02«3t^5^i-^i±i$^'^^-o I C P m^^^ ^ <^ "f^ . L i i . o M n o . i 
6sNio.i6BCoo.67O zMf^^mmVfCo BETji;*M^f4 0. 4m2/g 

mmx^x —^Wf-^-Mm b-c v^6^■^;as^^ $ t^fco — ^fe^^^-^ao i o o 
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(mmm ? ) 

•^^^^^i^ft^SO. 8 80mol/L.^y<Jr/k«S:asO. 8 8 0mol/L 
t ^ i: ^ i^i . mm-^ :ff (Mn SO4) 7K^I^S:T^«m^ y '5^ 7V ( N i S O 4 ) 

— N i ^itrnW-i^^ i¥Ml^fz.o ^ y rJ' !h! *fr f'J co ,^ # b ti^ M n - N i 
*i5bHffP#:t*s 13— Ni (OH) zM^^H'^attr^ i UX^Av-ev^5 ^ 

^fl. P, fc M n — N i * ?fc M IS i: E ^ Ik H =t ^< 7V h ( C o 3 O 4 ) L i O H t 
;6SJg^J;b-eLi:Mn:Ni:Co = l. 0:0. 165:0. 165:0. 6 

7 hfj:^ a ^ mmmmm^i^m^m^m^f^xm^v. mmm i ia« t 
Ma-rs^t-eL i - Mn-N i - Co m -^M^tm ^ i^M V o ^^y^ ^mmm 
m\M<Dm^. mi^ i - Mn -N i - c o m^m^hmi-is ^mw^ 3 -micmm^ 

tbS oi -N a F e O ^tLfCo I C P (O ^ ^ . Lij.o 

Mno.i65Nio.i65Coo.67 O 2mMfe=lr?|p. bfco B B T itmm^i-i 0 . 5 

<[? / 1 -4-_ q^^ii ^ta" BS <^ -feH ibJ^ 7 ^ tcp 1^ ^^5^ iH?" (T^ " 

m " / K ^ -o^ ^ o 3^ /■'^ > >^ -^-y^ ^ ~t~ lii^ -ittx. i^t^ 'lew, <^ /v_ mr^ vT"^ ^, (r3; Ai^ JJ yt* Tv> nA '^-^ 

1 0 0 ;fe^^|*:i£fJJl L--C¥^]iL#^^Jf>fc t ^ 5. 1. 8 ju m i: J^e o fc: „ 
8 ) 

U 1^^^-i>^ 0 . 8 8 0mo y>Jr/Hi|g^So. 4 4 0mo l/L. 

=i^^/^h?iA;SS 0. 440mol/L. fcF7^:^i^?ftA;i5 0. OlOlmol/ 
T u -^A 7i T- It- S# ^x- C v. c; r> . tKt -j^ ^ 7V C NT i S O ^ ) 

7X^1^ ^ aM^-^-^/i- h (c o s 04) 7X^i^:s.-a^t K^-i^^ (NH2NH2) 7jc^ 

/?)^o fc r t >lr!^V^r 1 h WiU\^ UTM n - N i - C o t&^#: ^ 

Lfco 5, 2 0 = 2 0° #-I£cD§$V>|llJiT,«id)ti 1 

35 



wo 03/044881 PCT/JP02/12171 

0 ° #5£ t 2 2 ° #3£lC hmiffBii^mi^ e,tt.^Mn-N i - C o *it BUi^^f*. 
13— Ni (OH) zl^M^Xa—Ni (OH) 2 M * # 5t ^fc ^ U T V^ 5 CI 

t "A^ t> <:> o 

# b ttfcM n - N i - c o ^itmmi$^ h TKM'fb y ^ !7 i^-7K®i^* i ^m^it 

-eLi / (Ni+Mn + Co) =1. li:J^£Sj:5i-ffftU. MMm 1 hmMi^ 

b-cLi-Mn-Ni-co m^m^[:,m ^m^tio ^ y ^ :^mm^mM<D Mm. ^ 

^ R 3 - m }C ;lt M $ tL S 05 - N a F e Q - « JO x X . L i o M n O 3 *i * 

5^-t-«.t^e>;ix6lllJffilldS2 2°tc^je>bttfco 2 0 = 18. 7" ©mjirafc^ 
s 2 2 " (^Uliif j|l©^ftJ:bSr»t±i Ufc t 5x o. oet^fcof^o icPi^^ 

:$^'|if'^5®:^N Lil. iMno. s^io. 25^ Oq. 25^2^«^'S^«^»®'^'^o BET 

tb§-^5fe^^(D'fc#<D 1 0 0 ^^«#:Sfa Ur5F^ii:^tr^i?)fc t 5x 2. 0 
Ai m Jfe o » 

(Jt«?^>I 1 ) 

^ l^^^ii^ 1 . 0 5 5mo l/L,::^5'<>'/V5iiS:a5 0. 3 5 2mo 

^ , T Srffr t-iVr l ^ r\ r- . 1 / T L^^ ^ > fl M 1 Pi 1 TYl <^ ] 

*— r ^S. 71 ✓ iiHT vii II V m i ✓ i . r . i^* y :^ ^ ■*ks> yj-* vJ . U X w X III <J I / 

. ^ - y i lase /,^>c /V • . w i_» -^-^^ x^*^ — • , . - . . 

L 5 {-X '^'^'^l^iS^ (Mn SO4) 7j<?^?Sx SSE^^y<5^/V (N i SO4) 

7j<^l^x = h (C o S O4) 7jc^?KXt^t Kvi^i^ (NH2NH2) 7jc^ 

i - c o *et;H&^#trf^W Ufeo 31 y ^ ;^,^iii^^^co^;^. # ?> ti^fcM n - N 
i *ttHfri?#:}4s ^— Ni (OH) sMJIt^^a^trafe t UT-^ AyT'VNS ^ t ^St? 

•ia ^^ 4^ ^ TV /r . -KT — ^ ifc -T^ ^ EM > ^kr m xf k U ^ A — 7k: ±& * > M ih 

XLi / (Ni+Mn + Co) =1. 3i:^£5j:5 (C^ft ^M^il 1 t iH # 
UTLi-Mn-Ni-Co 1i ^ (i % # fc „ ^ y ;^ ^ HI JffSO ^ ® > ^ 

raf^R 3-mtC:)SM$tt5 a-Na F e 02=^5t{cAP;t-Cx L i zMnOg^fBf-* 

i ^ feroo iHi^?,^^s 2 1 = t^Bfe ti/fco 20 = 18. (Dumw^\^n 
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Lii. sMno. eNio. 2C00. 2O zB-^^^W^f^o B E T J:b 
^ffi^f* 1 . 5 g -tjfoofco *fc. ^SMS^^S^m^^^}- J: ?3 $ 

S — 2)cl£-^©-^S<© 1 0 0 J;tr«#:jfiM tT¥:^|i:Str*«Dfc 2. 4 /i 
m i: >fe o o 



( it ^. #li 2 ) 

> ^ l^mS-i)^ 0 . 7 0 4mo l/L.^y^^r/l^^^^SO. 1 7 6mo 
a/'^^VhJgS^So. 880mol/L, tK^i^^'^tSdSO. OlOlmol/ 
L i r=C 5 J: 5 (-S fiitEm-^ (M n S O 4) 7Jc^?^, ^1^^= 5^ '^/V (N i S O 4) 

7j<J§lft> ^^=1 -'^/l- h ( C o S O 4 ) 7X'^l^^tJ5 t K 7 i^>' (N H 2 N H 2) 7X ^ 

i - C o *|tStilii#f* . J3-Ni (OH) 2MlSfH#5t*^iUT-a-Ay-T?V^5^: 
t o fc o 

#e5*T.fcMn-N i - c o ^^mmw- 1 zKm^fki v ^ ^ M.—7i<im.B^ h ^m^it 

T?Li/ (Ni+Mn + Co) =1. 3fc/^5<t5t#*U. JIJS^Jlfci^^{3: 

^ mmBU)^ 2 2° izmib htiflo 2 6 = 1 8. 7° (omi^Bi^Mir ?> 2 2 ° 



(itmm 3 ) 

•vV:^f>'li^:;&So. 3 5 2mo l/L^—^/'Jr^V^S^So. 1 7 6nio l/L. 
A' h ^ i . 2 3 1 m o 1 / L . fc K 7 v> ^ PJS 0 . 0 1 0 1 m o 1 / 
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L J^j^ <5 i 5 . m^^y:^^^ (Mn S O 4) 7jc^l^. S^M— y ^Jl- (N i S O 4) 
tK^I^s Sitm='/^^v h (C o S O 4) 7jc^l^:&U^t t^^' (NH2NH 2) 7jc^ 

i-Co^^mm^\±. 13-Ni (OH) sM^^^it^^ t bT•^A.-t?V^S r 

t o :/t o 

# ttfcM n - N i - C o *tfctfiPf* i ykMit V ^ ^ A — 7Xm©* t ^Jg^it 
-X?Li / (Ni+Mn + Co) =1. 2 t S J: 5 W * I- ^ ^ M 1 FJ ic: L 
i -Mn -N i - C o 1fi'a>m'ffciii^#f-o ^ 5^ iJ' ;^5^lHlff ffi!l^<©5fe*> # fc 
Li— Mn— Ni— Co^-^^it^jtifi, a— NaFe02#^^'^^> S^S^R 
3 -mfcMR^tbS a -N a F e O 2 « 5t ^ ^ W ^ . 1 C P ,|a 4-> if 

L i 1. 2Mn 0. 2N i 0. 1 C o 0. 7 0 2^^^*MUfeo B E Ti:b^®^ 

*4-i^©j£ScD 1 0 0 ;ikSrm#:aa{a bT¥^li:'S%3^*C>rc i: ^ 2. 6 m m t 

i ~ 8 .SO?i;'L;#.R! 1 ~ 3 fc^ 5 (3Ea?S'^«) O^J^tt^^ 
1 {c* i: JiJX^i-o JitB^m#ij:S.I>'i:b^f!]TM^MUfcL i -Mn -N i - 

C o m^mitmUj^i^<^^^X . m.^^ ; Li^MnaNii,Co,02i-*5Jt5a, 
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